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(54) PHASE SHIFT MASK AND ITS PRODUCTION AND EXPOSURE METHOD USING THE 
PHASE SHIFT MASK 

(57)Abstract: 

PURPOSE: To provide the phase shift mask having high 
quality and the process for production thereof by 
decreasing processes at the time of producing the phase 
shift mask and to provide the exposure method using the 
phase shift mask. 

CONSTITUTION: A second light transparent part 4 of 
the phase shift mask 200 is composed of molybdenum 
silicide oxynitride or molybdenum silicide oxide 4, of 
which the phase difference attains 180° and 
transmittance is 5 to 40%. A molybdenum silicide 
oxynitride film or molybdenum silicide oxide film is 
formed by using a sputtering method in the production 
stage for the second light transparent part 4. As a 
result, the second light transparent part is formed by 
using the conventional sputtering device and since the 
etching stage of the phase shifter parts is just once, the 
probability of generating defects and errors in the 
production stage is lowered. 
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1 

imtm i ] a^jtsaa-rasst, 

ME£«*«ffl-r*s i ®#aa«i, 
8a**R*#©ffi«£aa»£a«, mEauoxaa 

aa**5-4oxT*o, »-©tm**&fc** 

[»#»3] ffiE£2<Z>Xaa»l4. Zujxvmt 
»-f*B3fc%<0ffi«£l 8 0° *O5-40X 

>yft£^T»j*T<5xat. 
a*»2<ojtaa«Btt»riEr«xet, *«*fcffi« a? 

*©«Htt, T)V3>ftl 6-9 2 5K<D«ffl-r&9, S 
0*«*T**»*JB5HE«Ottffi'>7hvx^a)|l 

[R#B 7 ] i»Effi«'>7*lll&»«-rS3DBtt, 

1M HttftSfl:»a)R*««Tsxes^trM*Jl4C 

[ Bf 3fcB 8 ] h5 EJB-& * X & fi & £ 

*©«Htt. 7Acf>#6 5-7 9X, 8*^8-24 
%, S*rt*3~2 0%T*S»*JB7lcE«Ottffi->7 
h^X*(&Kii*& 

fflfcMI 9 ] tJEffiffl*>7^«**jfi-r-5i8tt, 50 



«fR!¥7- 14 0 6 3 5 

2 

#$tf)*5fflte, 7)13>&3 6-9 7%<£>SjffiT s £Q. 
SO^S*T&SIS*«9tIfB«O&«v7hVX^0 

1 1 ] fijEtt«->7^R*»j«"r*xatt. 

CD*g£#Xf?K^*T. ^PA»ftafb«©R*»«T 

*xss^ttn*3H4jcE*©tt«'>7hTx^©«a 

[M#E1 2] MEfi^«XOftjaE»3S*tS»5f*:8IS 
^*OttHtt, 7JH*>**4 8-9 0%, »**ti^3 
9%, £*tf6^1 4KTft*M£fll lCBBOffiffl 
v7l>TX^Sigm> 

1 3 ] 8WBffi«->7^RS»«r-SXSJ4. 

xas*trB#B4 icE«a>tt«i/7 h vztKDmmjj 

& 

1 4] mmMG%ZO&f£#tfi&ibZ>tmE 

»*©«h«, 7;i/^f>^8 2-8 7%(D®arfeo> 

»0««-afl:a*Tft*l(|*3Hl 3 HE* Steffi y7h 
> ?Xjr4>8a#&. 

MMm 1 5 ] irEffi*->7^R&^r*xett, 

#/fcT*xa**MMiJH4 i:Et©tt«->7 hTX^ 

[»2MU 6] WES'&*X©#jffi^fi«)5ff8[B- 
»¥<Z><6Hj^ 7)V-3>tfil 8%-8 8%, »*rt«2X 
-13%, ^^>*t8%-l 0&TS£i9#JBl 5CE 

[n*«i 7] wEtt*->7hTx^fc«arsxa 

14, 

»«KF±R«»j«r*xa**trR*ai4 icE«©&ffi 

[H#3f 1 8 ] ttE#«KjhRt»j5ST*xat4, 
X/ty^'J >^ft{3ct 0 ME«S[«->7^R*»«-r4bX 

atiiffEu^xhR^rit-r'SxatoMic, ^u^f 
>R€adtr«xa«dtriMU(i 7icE»ott»^7 

hTX*<Z>Ki67!7ffi. 

iffixm 1 9 1 wE»«K±Rs»«-raxai4, 

X/Ty^U>^ttKJ:0l«Ett«3/7^Rt»J«rftX 
itMEl/yX NRfc»J«rax8fcfl!>IBfc, ^DAR 
6**-r«xa*atrSI*«i 7l:Bt©fi«i/7h7 

5xai4, 
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3 

tifc, ffi(ES«*<jia*r5»i<o3taaaBt, as-rs 

K3t5tOfiffii:a5a*t^-i[E» 1 <03ta»«&aHf 

flt5~4 0XT*0. »-©#»^6as*2©3iiaa 

X**fflV>T«3frr*Xg£, mftfifi>'7h7X 

[0 0 0 1] 
Bib, mz. 

[0 0 0 2] 

(His H^xAtSt) ±fc»*sn* 
®w*?~>(D$m{\:b&m\zm/uTZT^z. 
[0 0 0 3] y*hWif774fflii!fi* r\9 

[0 0 0 4] — «EIC, (B^»5t*j5fe*ffllr»&7* HJ V 
^77^Si^tt^i»R (nm) tt, 
R = ki ■ A / (NA) - (1) 

[0 0 0 5] ±a*6to*SJ:5fc, #«f8#<Z>fi±£ 
H«fc«>fctt, ki £A£<B«Itt/JxS<U NACOffiii 



3) &P^¥7- 1 4 0 6 3 5 

[0 0 0 6] b*»U 3eH^V>X©aftBfttS»K* 
b<, S^SS[gft*J:^aiNAft:*ji«>5rtHcfco 
T, 3£co)»jS«ffa (<5 = k 2 • A / (NA) 2 ) 

bT<£o 

[0 0 0 7] uuT, 03 1 (a) , (b) , (c) fc 
#88 bT, K^)7t hTX^^fflUci^^YX^ 

B9W*. 

[0 0 0 8] S-f, 03 1 (a) £#MbT, v^^ffi 

So 

[0 0 0 9] &\Z, 03 1 (b) ft#JHbT, VX£_t 
G>«»tt* VX*A*->t;:»ofc««£ftS. b^ 
U 0 3 1 (c) S#fl8bT, »)x/\J:0)tSS(t ft 

[ooio] c:ns:*ftrs7* hvx^tlt, &i 

A««rBIBa5 7 -6 2 0 5 2 ^&«;fe£tf#KllJa 5 8 - 
1 7 3 7 4 4^4i*ti0, fiffiy7h?X^: t |:M 

[0 0 11] H3 2 (a), (b) , (c)£ 

#«BbT, 8 - 1 7 3 7 4 4*Mi*l;:BSStt 

[0 0 12] 03 2 (a) te&ffi^hVX^SrMfc 
SLTH*. 03 2 (b) tt, YX^lOSieit 
^S. 03 2 (c) IJ, ^xAl0«g^^tlt^ 

[0 0 13] 03 2 (a) MIT, , #57 X 

[0 0 14] 03 2 (b) £#K8bT, 

©{fcffitfXSfcl 8 0KSftbT*^*nTVi^ o ^0 

^«BBbft*Mft 0^33t©IM*BEra. 
[0 0 1 5] LfcjJt^T, *© I F*»*KJ;0. ft<7)£ 

£®*S*, 03 2 (c) H^fcfc^lC, »>xA±©3tSfi 
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[0 0 16] LfrU ±BSa*By7hvX^tt, y<1> 
/X*->#R*fc«£fctt, tit 

[ooi7] f $stc±EPpm^s»ft-r*ficffl 

^7hVX*tl/T. rj JAP Seri 

es5 Proc. of 1991 Intern. M 
icroProcess Conference p 
p. 3-9J r*H¥4- 1 3 6 8 5 4*£IU 

*. kt, »8B¥4 - i 3 6 8 5 4 m&mizffl^zn 

[0 0 18] 03 3£#BBl/T, 03 3 (a) tt, ±IB 

3 3 (b) «7X^±WtS^t0t*5. 03 3 
(c) tt£xA±0jfc^SjRTHT**. 
[0 0 19] ST, 03 3 (a) £#MLT. fifflv7 

htx^ i o oo«hb& «*3tftaars5*aMsi 

ft«£«&ES i oxsis i o taars WK3fc<Dffi« 
wlti 8 0° *«-rs»2(Z)3eajBa2o^^tr 

ftB*.T^5. 

[0 0 2 0] Sfc, ±»Lfc»2®*aa*2 0tt, B 

jt*nj*'r*aa*tt5-4 ox©jrD/*jB2t, a® 

3tt©tt*»39«l 8 0££&£v;7^13<hCD2S«& 

[0 0 2 1] JbE«ia«fc0aSffi«5/7hVX* 1 0 0 
£&aT£®^0DTX£±<E>m*§^ 03 3 (b) \Z 
K-T&olzteZ, &?T* £xA±<Mfc5MEtt* 03 3 

(c) fc*-r*5fc»*/t*->©Xyy-Ctt*««KK 

[0 0 2 2] LfcjJ«r>t\ B3tA^->©Xy vTOJt 
SiM 1 0 ttt«S/7*«2 0 £0«»©Stt+#ift 
[0 0 2 3] ±»LfcJ&2 0#aaa2 0<Z>Bt£ 

*«cjfr*aa**5-4oxtufc©tt, nv9vv 
£?\z. aa*^j:oTi/i;xM!i©a«a©Rff&Bi 

[0 0 2 4] ^IC, ±Efiffiy7h7^^ 1 0 0 O0g£ 
^ttfc^TBWITS. 03 5-03 9tt, B3 3fcjS 
TfiMBv? 1 0 O<0KffiKttofc«»Ig£3K 

[0 0 2 5] H3 5£#BBLT, #^XS«1© 

jbfc, «3t3tfc»-rsaa*^5-4ox. rj¥5o- 



(4) !HW7- 1 4 0 6 3 5 

□A^2^±i-, aar*B%%®ttffifl'i 8 o° x« 
T£Rj?3 o o o~4 oo oAs©«rr*s i o 2 r 

[0 0 2 6] Jfcfc. H3 6S#MLT, «fk-Affll/ 
vXNR5 0m^®3f(I> m^H-A£B3fcLT, 

J0 [0 0 2 7] JfcC, 03 7*#«bT, l/^HtSS 
^7s9 L LT, CH Fa ScDtfXfcffl^TS i O2 R£ 

XbR5£J;tfS IOa i3m^tLT, ^x^ 
Xy^>yK < kD£nAR2©Xy^>y£fTfc5. 

[0 0 2 8] 0 3 9£#IHLT. l/y*HR5* 

(fa&TS^fccfcO, ttfflS/7KX>10 0^flct 

*• 
[0 0 2 9] 

[JM!*iftli3ttSH] L*Lfc*»S, ±EfE 

a? *a*fc*v»Ttt. »2©3taa»2o©«i*tt. aa 

**«IWr«>^OAR2tttfflS&»JW*rSS i O2 R 
[0 0 3 0] ^DARiS i O2 til<DXy?># 

[0 0 3 1] 04 0£#JHLT, »>7h^ 

fSfcftlC. ^nAR(hSi02 R<htt&RtClS£pT^ 
ftBjESrttaMMffcfc*. -t^&aftC &&<D&iEJj& 

[0 0 3 2] SSfc, B4 0fc#BBLT\ ±5£bfcfiffi 
y7hvx^l 0Oft«^fcB**ttK:J:n»t fitfBv 

7 hVX^ 1 0 0<7)»2<O3taaSt2 0 0)RJPf43 0 5 
40 0A-4 2 0 0 A8*fctttt«W^fc0ifc*. Lfcfll 
^T, B3t*B^60B«5K05'6. Bfc3S*\MfcR 
^ifc*»**-r«B**tt. My7hvx^ 1000 

»2®3ieaaaB2ofeaaLTt), 1 
so 0 «ft*nT, tt*8««jifto&«»*^r-&B3t 

[0 0 3 3] HCOSMHtt. ±EBBjftft»ftr*fca6H 
5^ [0 0 3 4] dCD^B^«> fifi->7h7X?$ 
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[0 0 3 5] 

is7h-?7,w\-D<Dmm\z&^T\$, &ytyt*mi&-r 

TZ>m%:%:<D&tt\ZttLT 1 8 0° &«U tfo, gii 

[0036] $^ic»^b<^ ±tss 2 <nxm®m 

[0 0 3 7] S&fcfiFSL<tt, ±IB^2(D5tSi§^ 

[0 0 3 8] $&l:ffiL<H ±iE»2 03fc8«ffl<B 
[0 0 3 9] *L u©a«l:S^fcfiffiy7h7X 

[0040] «**ftaa-r*ai«o±ic, sa a> 

T£g#7t£>ftffi£l 8 0° *O5-4 0X« 

[0 0 4 1] ^tC, u^l/yXM^X^thlT, H 

^fT^bn±ias«^»ttJLT^sfs i <2>%aaffi& 
B9Ettffl'>7^H^6ft4SB2©jtaafis*«»*sn 

[0 0 4 2] *5fc»*L<tt. ±f2&ffix7*R£J& 
/J-TSXStt, t'J?f>yU^ Y<D9-?y h£/fl 
K 7;l^><hK3l£cQj^#Xf?fflm4 1 T-, *U 
>~>'J-!M KRfc*<0R##£3nsX8**^Tl> 

So 

[0 0 4 3] SSKjJ3:L<kL ±EiE'&;tfX0&/S# 
[0 0 4 4] S&KffSKWU ±B6ffiy7^RS» 



Hi¥7-1 4 0 6 3 5 

K 7^rf>^X, K^#X£J;tf^;tfX<Drl&#X 
8HS*T. ^U7x>->U1M FKfbSffcftoRrt*^ 
*K£*l£Xg£'&/uT^£. 
[0 0 4 5] S6lC»*U<tt, ±E&&#X<0&J«# 
«:i5*^»«[0»*©«ffltt, 7;icf>#X*<6 5-7 
9%, l*a^8-2 4X t a**X#3-2 0XT? 

[0 0 4 6] aSH#*Ktt. ±Ett*5/7-^«ft» 

an*xat*^w*. 

[0 0 4 7] SSKffSKtt, ±EJR^»X©ft*» 

[0 0 4 8] 3 <E> iCftS t< 14, ±Ett«->7*Kft» 
/STSXigte, *DA©J-yyhft)BK 7;i/rf>, 

[0 0 4 9] SSfcflF*L<tt, ±Efi£#X©#*# 
©t5a&S*«S#*©t8BMt. 7;i/rf>#X*<4 8-9 
0%, K^dU-3 9%, 2***6-1 4 fcT»S. 

[0 0 5 0] $6t»*b<tt, ±Effi*B^7^R*» 
*W*XBtt* ^OAO^h^K 7JM>t 

<&R#*j£3nsxa*^T^s. 

[0 0 5 1] ICftS KB, ±EB£#X0fcJ5£# 
[0 0 5 2] $blrftSL<[4> ±!2&ffl'>7^R^^ 

ftKfl:«j©R^ric$nsxe&^-ev^. 

[0 0 5 3] S5l:ffSKIt ±!^i/XOM& 
<Dd5»**«W#*<&«H*i, 7;i^>#X#7 8-8 
8%, «*#2%-l 3%, y^>#8- 1 0%T& 
So 

[0 0 5 4] SSKffSKtt, ±ie^ffi->7hVX^ 

*»*-r*xafctt»«Kpjt«3*«»«sh-&xat*^ 

[0 0 5 5] S5Kff*L<li, ±Effi«ffi±R£Ji$J£ 

-rsxaa* ±E(t«s/7^R&»rt"r*xat±Eu 
yxhRft»*r*xat©mcx/ty^ij>yfiK,t 

D€U ^x>R*t»j5SSn-6. 

[0 0 5 6] S6l:ff*L<tt, ±E»«ffi±R*#J* 
T*X8tt. ±Efi«->7^Rt»**-*xat±El/ 
yX hR&^TSXfi<hc7)r B , 1lcX/l7^ , J>^ffilzi; 
0, ^DARaWMSSft*. 

[0 0 5 7] 3 L<|J, ±E(tffi->7^R<7)X 
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[0 0 5 8] $££Jf?£L<te, ±m&ftisy?m<DX 

fix, mmt&mtvmsjiz&kzsmmtizftstez, 
[0059] 2$\zft%L<te. ±m&mi'75'm*j& 

[0 0 6 0]*fc, -^BJ{cS^^fcftffix7hVX 10 

So 

[0 0 6 1 ] rt$->BdLMv>±.\zVz;xhWktf 

?z>mfa<DX\zM&2ntz±.m&mmth'f sm i <o% 

1 ©*»ii«t3Mr««3^0tt*K»bT 1 8 0 0 
[0 0 6 2] 

[fpffl] BU, ^a>»W^«^fctt*B^7hvx^* 
<tr;-to«jfi^ftfcj:ntf. B2©3taa«a**-tm 

[0 0 6 3] £fc, ffiffiv7^©IBigxe^*^T«, 
[0 0 6 4] ^ntCctO, fiE*OX^5/^U>^SH«r 

[0 0 6 5] * afitx, a^cut^r, t-oBaxea* 
yisajra-n-en i urease *«a*3rr**M5«fc 

^^->^ffi©JinxKS*^i;s«**fiT$*'5ii 

tjwiriBfcao, igq a n^(DSfflv7 hvx££ii«-r£ ^? 
[0066] KKS#©fcjEfc, B2<wtaaa« 

Wt&5££#T£So 

[0 0 6 7] )k\Z, ^©*«t*^fctt«S/7 hVX 
*£JH^fcBJfc#ttfcJ:n«, S 1 ©ft8i»«#*-» 

<fcD, B2 0%8»iS<Z>KJ9ttl 5 0 0A-2 0 0 0A 

*»0«**II»LTt>, 18 0 fl OfiffifB^: 50 



#■¥7-1 4 0 6 3 5 

**<*:8«©aJtXiilcfe*JS*ao©|6j±tH 
[0 0 6 8] 

[0 0 6 9] £t\ Hl*#JllxT. 21©*Ml«K:*tf 

y7h?X^ 2 0 0H B3t3t*aia-rsH3?aKi 

!105jai«10£«lB±lC»*Sn&tt«3/7h 
3 0 ll> tt£C£2« 1 *i«Wrs» 1 cD^^^gS 1 0 

aa-r««**ott*taii»t^ ±Esi®3t 
Siig? i o &aa-r««3 | c*«>fi[fflfc»Lr iso°^ 

6ft&*2CD3HiaSB4t3^6*|j5jJSnT^«. 
[0 0 7 0] 02 (a) , (b) , (c) £#R 

it, ±sa«j@j:Dasfi[fflv7h-7^^2oo$aia 

[0 0 7 1] m2 (a) StWHLT. ±JRbfcffi«">7 

h7x^2ooosnan^ m2 (t>) «ml 

jWfOtfc*. J:oT, H2 (c) ftMBLT, B3fc 
/^-XWtaiHS 1 0 tffiffl->:7*fflU i©9x/\± 

Pjf££&So 

[0 0 7 2] SB 2 W5taa« 4 CDSjB^* 5- 

4oxtLfc©it '&*&mtmm\z. a»i:<tot 

HT, «iEftB*a£r*fc»-e«*. 
[0 0 7 3] B2 0*BBtLT±Ett*'>7h 

[0 0 7 4] H3-H6tt, HlfcS1-tt*^7h^ 

So 

[0 0 7 5] ■ SSMIl'T. 5£S«1<0± 

[0 0 7 6] ^CO^, :«y7^K4«$^ 
*U->*-7>ft££ffl^T2 0 0 

[0077] ^mao, aE*ffi*'>7*«(DaB<DU 
^xhB#^D-bxaf©iBB«a (»i 8 or) \z& 
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zmmm<D£M (o. 5-1. 0%) zm±?z>z.t& 

[0 0 7 8] ^ic, :©ffiffi->7?R4o±i:, ^Tb: 
-Affll/yX«5 (B*if^>|?ZEP-8 1 OS 
(SSf$<D ) fef&RSWSOOOAStfn. 

» 1 0 0 A»j5jE-r«. ^ 

[0 0 7 9] H4£#1HUT, 9=?K-J±mWJ 

[0080] mz, mszmmLT, ±ei^xm*5 

m v fPft£E*0. 3Torr,E««XCF4 +0 2 £ a? 
Jfl^T*n-en©85ft£9 5 s c cm:fc£t/5 seem 

[o 0 8 1] %\z* B6£#j«lt, i/yxhifise 
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